So far in this senes of articles, we have looked at two 
areas of FPGA usage. Having looked at the design 
methodologies available to us, and the usage of 
FPGA design software, we are now in a position to 
consider the hardware implications of FPGA usage. 


By Gordon Pocock 


Atmel FPGA 
design course (3) 


We saw in the first article that of the cur- 
rently popular design methods, text 
based design entry, and in particular 
the usage of VHDL, is the most suitable 
approach for FPGA design. VHDL 
makes the design of reusable modules 
an easy and convenient way of han- 
dling external peripherals and func- 
tional blocks used in several designs, 
especially where there is a common 
base across projects. 

The FPGA software seen in the previ- 
ous instalment allows the assigning, or 
‘Locking’ of pins eany in the design life 
cycle, with a high degree of confi- 
dence that the design will still be 
routable and able to meet the required 
timing critena. 

Also, by having timing analysis tools 
within the software, itis possible to locate 
critical timing paths and possible prob- 
lems that would otherwise be impossible 
to resolve. Finally, with the availability of 
dynamic probes we can monitor in real 
time the intemal behaviour of the device. 

We now know that our designs will 
be functional when the bit-stream we 
create reaches the FPGA. But this raises 
one question: How do we get the bit- 
stream into the FPGA? And what other 
hardware implications are there in 
using an FPGA? 


Data-to-FPGA 


The FPGA has to be configured every 
time power is applied to the device from 
the ‘off’ state. In the Atmel AT40K family, 
this can be achieved in several ways. 
Firstly, and probably currently the 
most popular method, is to use a seral 
EEPROM with an interface optimised for 
configuring the FPGA. This method 
requires a minimum number of inter- 
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connects between the FPGA and the 
EEPROM, but is the slowest method of 
configuration. For most applications, 
however, this is nota problem, as the 
configuration time is in the same order 
of time asa microprocessor reset. Ser- 
ial EEPROMs have the advantage of 
taking very little board area, and are 
re-programmable in-system. 

When a bitstream becomes exceed- 
ingly large, there may be an issue with 
configuration time. To get around this 
there are several other modes of con- 
figuration. These modes utilise a paral- 
lel bus connection between the FPGA 
and either non-volatile memory ora 
microprocessor data and address bus. 
There are both 8 and 16 bit wide 
modes available to get the maximum 
data transfer rate the user requires. With 
a non-volatile memory, either the FPGA 
oran extemal device can be the con- 
troller for the configuration. The master 
is the device that provides the address 
and control signals for the data transfer 
between the memory and the FPGA. 

If we use the microprocessor bus 
solution, the processor will always be 
the master. Using this mode, the FPGA 
can be treated in the same way asa 
memory device, allowing itto be con- 
figured at any time. The Atmel AT40K 
family of FPGAs has the unique ability 
to be partially reconfigured whilst not 
effecting the rest of the FPGA. Indeed, 
until the reconfiguration is complete, all 
I/Os and cell outputs remain in their 
previous state. This allows for the adap- 
tive changing of functions or constants 
within the FPGA without affecting the 
performance of the rest of the system. 

Typically where an FPGA is used to 
perform Digital Signal Processing func- 
tions, coefficients for the functions can 





be changed with an environmental 
change. One example is in a video 
movement detection function. This 
process looks for changes between 
frames within a datastream. A large 
number of calculations are performed 
on an incoming data stream, and 
Companisons with known results made. 
In differing lighting conditions known 
results may well vary widely. The ability 
to adapt the known results with 
changes in lighting conditions adds 
added value to the system but no extra 
hardware for the designer This 
approach is best for those systems 
already utilising a processor alongside 
one ormore FPGAs, and isbecoming a 
common method of configuration. 

The other major consideration for 
FPGA users is that of clocks. Global or 
Fast Clock signals/buffers should be 
used wherever possible. This part of the 
routing resource is designed to min- 
imise the skew between the same clock 
input at all positions on the FPGA. Also, 
good quality clock signals, especially 
with the higher clock frequencies 
involved, are essential. 


FPGA applications 


Now we know everything about how to 
use an FPGA, what can they be used 
for? The most obvious usage is asa tool 
to ‘mop up’ random logic on boards 
with large amounts of discrete devices. 
This is probably also the simplest and 
most trivial use of such a powerful 
device. The FPGA really comes into its 
own where complex high level func- 
tions are implemented in one device. 


Digital audio 
We have already seen that the AT40K 
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devices are particula dy good at oper- 
ations involving mathematical func- 
tions. Many applications in the audio 
and video sphere are based around 
complex mathematical algorithms. For 
instance, the latest generations of dig- 
ital (GSM) mobile telephones perform 
some form of Digital Signal Processing 
on both the received and transmitted 
data to optimise for noise cancellation 
and filtenng of unwanted frequencies. 
This sort of system could be emulated 
by using a pair of Analogue to Digital 
and Digital to Analogue converters as 
an interface to an audio source and 
some form of audio output driver. Then, 
the FPGA could be used asa functional 
block on which algorithms could be 
developed to create effects such as fil- 
tering and echo cancellation in the 
digital domain. 


User interfaces 
For just about every application today, 
there isa User Interface of one fom or 
another. There are several levels of such 
an interface, from a simple LED 
response ora pushbutton right up to a 
full touch-sensitive colour LCD or 
Plasma graphic display panel. The 
FPGA, where the level of usage for this 
type of device can vary, is an ideal 
way to control such an interface. One 
of the beauties of this approach Is that 
the input and output side can have 
any level of dependency on each 
other as required by the user. 
Forexample, an LCD display is often 
controlled by toggling the backplane 
of the display at 50 Hz, and then tog- 
gling the ‘On’ segments at the same fre- 
quency but out of phase with this back- 
plane. The generation of the backplane 
clock waveform Is an ideal function for 
an FPGA, asis the interfacing or decod- 
ing of the data being output to the dis- 
play driver. With the use of the intemal 
pull-ups and pull-downs for terminating 
the bus interfaces and for switch inputs, 
the number of extemal passive compo- 
nents required can be minimised. 


Video 

The same approach could be applied 
to video signals. Here a much higher 
speed ADC and DAC are required, and 
the data throughput will be much 
greater. However, once the data Is digi- 
tised, the processing iscamed outina 
similar method, although more care is 
needed with timings. The possibilities 
with manipulating video signals are 
much greater than for audio, with pic- 
ture-in-picture (PIP) effects using multiple 
input bitstreams concatenated into the 
one output stream. Also, time/date data 
could be added to a video picture. 
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Microprocessor communication 
Another common feature of electronic 
systems is communication between 
devices using a seral interface, like 12C 
or SPI, or via a UART connection onto 
RS232 for longer distance communica- 
tions. These seral interfaces are usually 
based around state machines for both 
reception and transmission of data. As 
we have seen earlier, FPGAs are very 
good atimplementing this kind of func- 
tion, especially with VHDL entry methods. 
One of the main attractions fora senal 
bus is the small number of interconnects 
required by the interface. This kind of 
interface iscommonly used to interface 
with senal EEPROMs, a form of non- 
volatile memory most suitable for data 
storage. Also, there are a large number 
of slow, high precision ADCs which use 
an SPI seral interface for data transfer. 


In-system programming 

We have looked atthe configuration of 
the AT40K family of FPGAs whilst in oper- 
ation. This can be achieved by using a 
small, low cost, efficient microcontroller 
often interfaced to extemal memory for 
bit-stream storage. A microcontroller 
from the Atmel AVR range is ideal, as it 
boasts In-System Programmable Flash 
and EEPROM memory for program and 
data storage. The MegaAVR range 
boasts a very large intemal memory 
(128K x8), so a small amount of appli- 
cation code could use the remaining 
Flash memory as bitstream storage 
without the need for extemal non- 
volatile memory. 


On-board microcontrollers 


One of the future developments of 
FPGAs will be the integration of micro- 
controller cores into programmable 
devices. There are two approaches to 
this. The first is to have the VHDL code for 
a microcontroller core, and use the 
FPGA itself to integrate the core. This 
takes a large amount of FPGA resource, 
and there are definite limits to the 
speed the microcontroller core can run. 

The other approach is to actually 
integrate the microcontroller core into 
the FPGA in hardware. This gives the 
Opportunity to still run the microcon- 
troller at fullsoeed and not lose any of 
the programmable resources available 
in the FPGA core. For the AT40K range, 
it also means that the bitstream con- 
troller is effectively built into the FPGA 
for the on the fly partial reconfiguration. 


Starter Kit 


There are many more things that we 
can do with an FPGA. But still, one of 
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the biggest problems is the develop- 
ment of hardware solutions using this 
technology due to the very nature of 
the high pin count, fine pitched physi- 
caldevice size. 

Itis hard for the casual user or hob- 
byist to create a board that can be 
used for expenmentation for these very 
reasons, and so the FPGA lays domant 
asa device forhome use. 

To combat this, Atmel have intro- 
duced, accompanying this series of 
articles, an FPGA Starter Kit! which gives 
the user a ready built development 
environment that includes several FPGA 
controlled peripherals. 

The first of these peripherals is the 
extemal circuitry needed to implement 
three types of Analogue to Digital con- 
verter, and two types of Digital to Ana- 
logue converter. The first of the ADCs 
uses a binary successive approximation 
approach to getan 8-bit conversion in 
eight clock cycles, allowing high speed 
conversion, dependent only on the 
quality of the external components, 
and the ultimate speed of the FPGA. 
The second type usesa binary count to 
achieve the same result, but this 
approach takes from 1 to 255 clock 
cycles to geta result. The only advan- 
tage Is that itis easier to implement. The 
final type of ADC is a very slow, on- 
board high-accuracy ADC designed 
for measurement systems. 

The DACs are implemented using an 
R-2R ladder approach to generate an 
output voltage very quickly from an 8 
bit binary number The second 
approach isto use pulse width modu- 
lation to generate the output voltage. 
A pulse train of constant frequency has 
its mark/space ratio vared to adjust the 
DC content of the waveform. This is not 
a quick, high-resolution approach, but 
is useful as a controller in power supply 
applications. 

The second major on board periph- 
eral, and probably the most obvious 
one, is the 6-digit, 7-segment LCD dis- 
play. This is operated as explained ear- 
lieron, and providesa high quality dis- 
play for applications such as timers, 
instrumentation and even games. There 
is also a connector for the addition of 
a graphic LCD panel, not supplied, for 
more complex graphic displays. In 
addition there are eight LEDs and eight 
switches available for more feed- 
back/debugging. In both cases, an LED 
ora switch is ‘on’ if the port pin on the 
FPGA is ata logical ‘0’. 

The board has RS232 drivers for easy 
connection of a firmware UART to 
another device, such asa PC for data 
logging, debug or any other purpose. 
This ensures the correct voltage levels 
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LIBRARY ieee; 
USEE ee cia ooe oa a; 


ENTITY orgate IS 


PORT ( 
A :IN eo oie; 
B IN Sal O e 
PR OUT std logi 
E 
END orgate; 


ARCHI TECTURE behaviour OF orgate IS 


BEGI N 

| F ATE 
THEN Prima eS 
ELSEIF (Bec tle) 
THEN Pe 
ELSE P <= '0'; 
END IF; 


END behavi our: 


Figure 12. Build, oops, program your own OR gate. 


for direct connection without further 
buffering. 

One of the most convenient features 
of the Starter Kit is its clock handling. 
There are four clock generators, one 
Oscillator and three crystals, and one 
manual clock input. The clock fre- 
quencies are 40 MHz, 10 MHz, 
4.1920 MHz and 32.768 kHz. The 
4.1920 MHz clock is used asa master 
BAUD rate generator for the senal inter- 
face applications. The 32.768 kHz 
clock is used fora binary division to 
get a 1 Hz clock, or other low fre- 
quency tick for a real time system 
operation. The manual clock is a 
switch that generates a clock edge on 
each press. Of the eight global clocks, 
these five clock sources are con- 
nected to GCLK1 to GCLK5 on the 
FPGA. This leaves three other clock sig- 
nals free for the user to drive. 

Another major feature of the devel- 
opment board Is the socket for the on- 
board AVR microcontroller There are 
also four sockets for SPI serial EEPROMs 
for bitstream or data storage as 
required. This immediately gives the 
ability to configure the FPGA on the fly 
under microcontroller control. The AVR 
section of the board is based ona cut 
down version of the Atmel STK200 
Starter Kit, and employs the same 
download cable as the FPGA Configu- 
rator to program it In-System. This also 
starts to address the future by integrat- 
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ing a hardware microcon- 
trollerand an FPGA, noton 
the same piece of silicon, 
but on the same circuit 
board. This gives many of 
the same possibilities as 
future developments will 
bring us! 

As well as all of the 
peripheral interfaces on 
board the Starter Kit, all of 
the non-dedicated I/Os are 
tracked to headers for con- 
nection to other penpheral 
blocks. This allows the user 
to make connections to the 
Starter Kit from other 
boards/systems to allow full 
system prototyping easily 
and cost effectively. 


Build your own 
OR gate 


Now we have seen how to 
design an FPGA from idea 
to finished hardware, with 
cost effective software and 
hardware in the form of a 
FPGA Starter Kit, we will 
quickly look at a simple 
VHDL design that can be implemented 
on the Starter Kit. 

We will create an OR gate from first 
principles as a simple example. The 
VHDL code for the OR gate is shown in 
Figure 12. 

The first two statements include and 
enable for use a standard VHDL library 
supplied with all VHDL tools. This library 
contains the basic constructs for VHDL, 
as well as architecture specific details. 

All VHDL files have an ENTITY decla- 
ration. This section defines the inputs 
and outputs of the design, (in our case, 
two ins and one out). The ENTITY is a 
description of the outside of the circuit, 
and is analogous to a symbol on a 
schematic. 

The ARCHITECTURE description is 
where we define the logic to be imple- 
mented in the design, which is like the 
circuit diagram within the symbol. In this 
section we would have a definition of 
the SIGNALs used to connect several 
entities together in a more complex 
design. We would also describe the 
connections between the entities in this 
section. 

Implementing an OR gate is cer- 
tainly a simple example, but this senes 
has not intended to teach VHDLin any 
way. There are many good courses 
and texts available on VHDL from van- 
ous sources¢, and at varying costs. 
Training companies with good reputa- 
tions such as Doulos run open courses 


to teach VHDL and other design 
methodologies to take an absolute 
beginner to a high standard within a 
few days. Alternatively, several of the 
best texts take a tutonal approach to 
aid practical leaming of whatcan be 
an abstract subject. 


Conclusion 


We have come a long way since the 
first article. We started out by disc over- 
ing what an FPGA is, and whatcan be 
done with this type of component. Then 
we looked at how we design with them 
and what methods of design entry are 
suited to such a complex component. 
Finally in the first article we looked a lit- 
tle atthe general architecture of Atmel 
FPG As. 

In the second part we looked athow 
a design was taken from raw VHDL in 
an ASCII text file and converted, via 
synthesis and device routing, into a file 
the FPGA can be configured with. This 
includes an overview of the design 
tools provided on the free CD-ROM 
accompanying this series of articles, 
which are not restricted in any way. 

Finally, in this article we have looked 
at the hardware aspects of using 
FPGAs, and how a low cost Starter Kit, 
such as the one from Atmel can make 
the use of such complex components 
easy forthe home user. Finally we had 
a brief look at what a VHDL file looks 
like in its most basic form. 

Itis hoped that following this senes of 
articles, the user is tempted to go fur- 
therand perhaps purchase and enjoy 
using the FPGA Starter Kit, on special 
offer in this magazine, and create 
exciting and innovative FPGA designs 
that give the usera great deal of self 
Satisfaction. 

(990063-3) 


Notes: 


1. The book and Starter Kit mentioned 
in this article series are available (at 
a special discounted price for Elek- 
tor readers) from Kanda Systems Ltd, 
Unit 17-18, Glanyrafon Enterprise 
Park, Aberystwyth, Ceredigion SY23 
3J Q. Tel. (01970) 621030, fax (01970) 
621040, Email sales@ kanda.com 


2.Programmable logic: VHDL and 
other new ways. Elektor Electronics 
October 1997. 


3.Free cover-mounted CD-ROM sup- 


plied with November 1999 issue of 
Elektor Electronics. 
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